BIOLOGISTS AND SOCIETY overall increasingly understand the importance of conserving wetlands. Protection of wetlands is helped by better understanding the organisms found in them. Beetles of the subgenus Anadaptus Casey (genus Anisodactylus Dejean) are common in or near many wetlands or other damp habitats in North America, relatively large and easy to collect, and well represented in most museum collections.
In his revision of the species of Anisodactylus of the United States, Horn (1880) placed Þve species together in the "discoideus group." Casey (1914) proposed the genus name Anadaptus for these Þve taxa and two new forms. Hatch (1953) provided a key to Anadaptus of the PaciÞc Northwest. Lindroth (1968) reduced Anadaptus to a subgenus of Anisodactylus and revised Canadian species and two forms from the western United States. Noonan (1973) revised supraspeciÞc taxa of the tribe Anisodactylina, treated Anadaptus as a subgenus of Anisodactylus, and transferred Anisodactylus rotundangulus from the former genus Anisotarsus Chaudoir into Anadaptus. Based on NoonanÕs (1973) paper, Anadaptus had eight species names treated as valid, two species transcontinental in southern Canada and the United States, one from central Mexico, and Þve from the western United States and southwestern Canada. Extensive variation in morphological character states in the western forms made it difÞcult to identify many adults correctly.
This article revises the classiÞcation of the species of the subgenus Anadaptus, provides a key, summarizes information about their natural history, and analyzes their cladistic and biogeographic relationships. Following Noonan (1996) , it is the second in a series of papers treating groups of Carabidae with most of their species found in wetlands.
Materials and Methods
Specimens Studied. Conclusions about systematics and cladistics are based on examination of type specimens, as described under the various species, and 10,279 adult nontype specimens. A subset of 9,433 adults had adequate geographic data for determination of latitude and longitude. This subset provided data for determination of the geographic ranges of species and geographic information system-(GIS) based biogeographic analyses.
Collecting Specimens. My assistants and I collected 1,785 specimens during approximately 290 d of Þeld work, primarily in the western United States but also seum fü r Naturkunde der Humboldt-University of Berlin, Berlin, Germany; B. Jaeger (ZMHB); University of Copenhagen, Copenhagen, Denmark; O. Martin (ZMUC) .
Criteria for Recognition of Species. I accept the phylogenetic species concept as deÞned by Nixon and Wheeler (1990) .
Terms and Techniques. Locality data on specimen labels were entered into OmniMap (Noonan 1999b) for conversion into decimal latitude and longitude data. ArcView (Environmental Systems Research Institute 1996) was used for making maps and analyzing biogeography. Techniques for GIS analyses were those developed by Noonan (1999a) . A grid composed of 250 by 250-km cells was placed over areas with members of the subgenus for analysis of biodiversity and the sizes and shapes of geographic ranges. Those cells with 40% or more of the species were treated as biodiversity centers (indicated as boxed cells on Figs. 58 Ð 62). Latitudes and longitudes cited in this paper are in the decimal form used by GIS programs where decimal degrees ϭ degrees ϩ minutes/60 ϩ seconds/ 3600. Latitudes north of the equator are positive while those to the south are negative. Longitudes east of the prime meridian (a north-south line bisecting Greenwich, England) are positive while those to the west are negative. Because the western species have relatively small geographic ranges, grid cells 100 by 100 km were used in the analysis of geographic variation in character states in these taxa.
The relative sizes of geographic ranges were analyzed with the Index of Geographic Size, calculated by dividing the size (in km 2 ) of a speciesÕ geographical range by that of the size of the largest range in the subgenus, that for A. sanctaecrucis. Range sizes were calculated by ArcView based on polygons formed by drawing a line around the outer dots of each speciesÕ geographic range. The shapes of geographic distribu- tions were analyzed with the Index of Relative Longitudinal Extent, calculated by dividing the maximum longitudinal extent of a speciesÕ geographic range by its maximum latitudinal extent. Indices Ͻ1 denote northÐsouth elongation, whereas Ͼ indicate eastÐwest extension. Correlations and their Bonferroni Probabilities were calculated with Systat version 8.0 (Systat 1998) .
Maps of former glaciers and permafrost, digitized into ArcView from Conchon et al. (1992) were used for analysis of the effects of Wisconsin glaciation on the geographic ranges of species. The latitude and longitude of the centroids or geographic centers of the polygons representing the geographic distributions of species were calculated with the "ReturnCenter" function of ArcView.
Terms and techniques for dissecting genitalia and for measuring the total body length of specimens follow Noonan (1996) . Space limitations precluded listing the specimens examined for each species, but a DBASE compatible database with such information is on the World Wide Web (http://www.mpm.edu/ collect/invert/noonan/gisdata/col/carabidae.htm).
Selection of Outgroups for Cladistic Analysis. Four subgenera of Anisodactylus share with Anadaptus the synapomorphies of the female ovipositor: valvifers moderately to strongly sclerotized, dorso-ventrally thickened, and modiÞed from the usual shape into a more elongate form (Noonan 1996) . The 35 species of these four subgenera were used as outgroups, subgenus Anisodactylus with 21 taxa, Gynandrotarsus LaFerté -Sé nectè re with 10 species, Pseudanisodactylus Noonan with three species, and Pseudaplocentrus Noonan with a single species.
List 1. List of Characters Used in Cladistic Analysis
Characters were selected on the basis of showing variation between outgroup or in group taxa.
(Figures without literature citations refer to illustrations in current paper.) Noonan 1996) . 1 ϭ Broadly rounded (Fig. 7; Figs. 1 and 18 Ð21 in Noonan 1996) . 5. Pronotal posterior angles. 0 ϭ Not prominently dentate (Figs. 1, 5Ð7; Figs. 1 and 8, 17Ð21 in Noonan 1996) . 1 ϭ Prominently dentate (Figs. 2Ð 4; Figs. 2Ð 6, 10 Ð12 in Noonan 1996) . 6. Pronotal lateral depressions. 0 ϭ Not prominent, not sharply delimited from disc in dorsal view (Figs. 1, 3Ð7; 3Ð18 in Noonan 1996) . 1 ϭ Very prominent, sharply delimited from disc in dorsal view (Fig. 2; Figs. 12 and 19 Ð21 in Noonan 1996) . 7. Prominent inßection of integument along sides of pronotum. 0 ϭ Absent. 1 ϭ Present. 8. Dense moderate sized to large setigerous punctures along anterior pronotal margin. 0 ϭ No or few moderate to large punctures along anterior margin. 1 ϭ Punctures present and moderately dense to dense and moderate to large in size. 9. Color of femora. 0 ϭ Piceous to black. 1 ϭ Testaceous to rufo-testaceous. 10. Apical spur of front tibia. 0 ϭ Not triÞd, at most angulate at base in some adults (Figs. 28 and 30, 32, 35, 36 in Noonan 1996) . 1 ϭ TriÞd (Figs. 34 and 37 in Noonan 1996) . 11. Front basitarsi of females. 0 ϭ Not notably expanded laterally (Fig. 42 in Noonan 1973) . 1 ϭ Slightly to moderately expanded laterally (Fig. 43 in Noonan 1973) . 2 ϭ Strongly expanded laterally (Fig. 44 in Noonan 1973) . 12. Hind tarsi. 0 ϭ Moderately elongate, basitarsomere approximately equal to tarsomeres 2 and 3 or longer than such tarsomeres. 1 ϭ Short, not as long as tarsomeres 2 and 3. 13. Humeral tooth. 0 ϭ Absent or with slight indication of tooth (Fig. 36 in Noonan 1973) . 1 ϭ Moderately prominent laterally projected tooth present (Fig. 37 in Noonan 1973 ). 14. Elytra color. 0 ϭ Uniform rufo-piceous to black color, without notably contrasted dark and paler areas except sometimes for paler color at margins. 1 ϭ All or broad portions of elytra pale, rufotestaceous to rufous or light brunneus, such paler areas notably less dark than darkest area of elytra. 15. Metallic color or tinges on elytra. 0 ϭ Absent. (Figs. 9 and 11, 13, 15, 17, 19, 21; Figs. 61Ð 63, 69 Ð 84 in Noonan 1996) . 1 ϭ Shaft moderately emarginate on left side distal to distal end of paramere and with left side of dorsum projected somewhat outward from shaft (Figs. 64b and 66b in Noonan 1996) . 2 ϭ Shaft strongly emarginate on left side distal to distal end of paramere and with left side of dorsum strongly projected outward (Figs. 67b and 68b in Noonan 1996) . 24. Aedeagus shaft. 0 ϭ Not projected dorsally (Figs. 9 and 11, 13, 15, 17, 19, 21; Figs. 85Ð 87, 93Ð112 in Noonan 1996) . 1 ϭ Projected dorsally at proximal end of dorsal membranous area (species with dorsal membranous area not divided) or at proximal end of distal dorsal membranous area (species with divided dorsal membranous area) (Figs. 88 Ð92 in Noonan 1996) . 25. Distal portion of aedeagus shaft. 0 ϭ Not notably deßected to right (Figs. 8 and 10, 12, 14, 16, 18, 20; Figs. 69 Ð76, 79 Ð 84 in Noonan 1996 Figs. 8 and 10, 12, 14, 16, 18, 20; Figs. 61 and 62, 69, 70, and 72Ð 84 in Noonan 1996) . 1 ϭ Present (Figs. 63Ð 68a and 71 in Noonan 1996) . 28. Tip of aedeagus apex. 0 ϭ Without dorso-ventro swelling or apical disc (Figs. 85Ð101 and 106 Ð112 in Noonan 1996) . 1 ϭ With notable dorso-ventro swelling (Figs. 9 and 11, 13, 15, 17, 19, 21; Figs. 103Ð105 in Noonan 1996) . 2 ϭ With notable apical disc (Figs. 50 and 72 in Noonan 1996) . 29. Shapes of aedeagus tip. 0 ϭ Somewhat rounded or slightly pointed (Figs. 8 and 10, 12, 14, 16, 18, 20; Þgures 40 Ð53 and 57Ð 60 in Noonan 1996) . 1 ϭ Sharply pointed (Figs. 55 and 56 in Noonan 1996 Noonan 1996) . 1 ϭ Absent (Figs. 154 and 162Ð171 in Noonan 1996) .
Methods of Cladistic Analysis. Table 1 shows the data matrix used by PAUP*, version 4.0b3a (Swofford 2000) to search for the most parsimonious trees. (Copies of the Nexus Þle can be downloaded from http://www.mpm.edu/collect/invert/noonan/ noonan%20data%201.html.) Characters were initially treated as ordered to reßect assumptions made previously in analyzing the cladistics of the outgroup subgenera Anisodactylus and Gynandrotarsus. This reßected an initial working hypothesis that treating characters as ordered would not inßuence cladistic relationships within Anadaptus, because none of the characters informative within that subgenus had more than two states. This hypothesis was tested by separate analyses treating characters as ordered and unordered.
The following sequence of procedures was followed once with characters treated as ordered and once with characters unordered. A search for the most parsimonious trees by the branch and bound algorithm was canceled after n ϭ 24 h because of no signiÞcant progress toward completion of the search. Trees were then searched for using the hsearch algorithm with default settings for options except addseq ϭ random, 
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Ð Ð Ð Ð Ð Ð Ð Ð Ð 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 May 2001 NOONAN: SYSTEMATICS, CLADISTICS, AND BIOGEOGRAPHY OF Anadaptusnreps ϭ 100, nchuck ϭ 25, and chuckscore ϭ 2. With these four settings the program searched 100 times by heuristic algorithms with sequences added randomly. In each repetition no more than the 25 of the best trees with a length Ͼ2 were retained. The Þnal set of resulting trees was processed by the reweight command based on the assumption that all characters are not uniformly informative for cladistic analyses. Option settings for the reweight command were the defaults listed in documentation for the program. Additional hsearch and reweight runs with the above settings were done until PAUP* did not Þnd shorter trees or assign different weights to characters. Because analysis of a data matrix of seven in group species and 35 outgroup species was expected to produce many trees differing only in arrangement of outgroups, all but Þve outgroup taxa were deleted with prune and condense set to yes. The prune and condense operations removed trees that differed only in arrangement of outgroup taxa and left trees that differed in arrangement of members of the subgenus Anadaptus. Reweight was done on the Þnal set of trees to learn the Þnal character weights informative about cladistic relationships of species in Anadaptus. Generation of graphical depictions of trees was done with the PAUP* DescribeTrees command. Option settings for this command were the default settings described in the PAUP* documentation except for chglist ϭ yes, apolist ϭ yes, homoplasy ϭ yes, and xout ϭ both. The latter four options settings respectively output for each tree, a list of changes in each character, a list of character changes along each branch, a pairwise homoplasy matrix, and a table of character state assignments for internal nodes. These outputs facilitated analyzing character state polarity changes assumed by PAUP* for each of the trees. Casey, 1914: 203 General Habitus. Body somewhat narrow in form; dorsum usually with green, aeneous or bluish tinges or sometimes with at least elytra green, bluish-green, light blue or aeneous; often with frons and pronotum piceous to black and elytra notably paler rufo-piceous; length 7.5Ð11.3 mm.
Systematics Results subgenus Anadaptus Casey

Anadaptus
Head. Clypeus with one to three seta at each outer distal angle, usually with at least one angle having two setae. Frons usually piceous to black but varied in color as in pronotum; one or two medial rufous spots usually present; frontal fovea glabrous, or with sparse, small to moderate sized punctures; punctuation adjacent to supraorbital setae present but varied in size and density of punctures, sometimes forming a distinct patch that extends to or stops short of median portion of frons, sometimes covering most of frons; sometimes with scattered, asetose micropunctures; microsculpture indistinct. Antennae with scapes rufo-testaceous to black; second antennomeres, rufo-piceous to black, same color as scapes or slightly to notably darker; remainder of antennae predominately piceous to black. Maxillary palpi predominately piceous black, with apices often paler. Palpi infuscated, rufo-piceous to black.
Pronotum (Fig. 1 ). Disc color highly varied; sometimes rufo-piceous to black and mostly with notable greenish, aeneous or bluish tinges, at least posteriorly or in posterior lateral depressions; disc sometimes green, green with aeneous tinge, aeneous, bluish green, greenish blue; margins often narrowly paler. Shape cordiform, greatest width clearly in anterior portion. Sides strongly arcuate anteriorly, posteriorly convergent and varied from straight to moderately sinuate. Anterior angles slightly protruded. Posterior angles obtuse. Lateral beads posteriorly narrow but evident, narrowed anteriorly and indistinct near anterior angles. Posterior bead moderately thick, except sometimes interrupted medially or narrow. Lateral depressions very narrow to obsolete. Posterior lateral depressions moderately deep to deep, oval to linear, separated from side-margin by prominent convexity, with moderately dense punctures, sometimes many such punctures with seta. Microsculpture obsolete on most of disc. Disc often wrinkled or with micropunctures; sometimes with moderate or large sized punctures, especially along anterior margin, most punctures with short Þne seta.
Legs. Rufo-piceous to black. Posterior margins of hind femora with approximately two to three long setae and two to four shorter setae. Hind tarsi with scattered dorsal setae on tarsomeres 1Ð 4.
Elytra. Color of disc highly varied; rufo-piceous to black, often with notable greenish, aeneous or bluish tinges; green; green with aeneous tinge; aeneous; bluish green; purple; greenish blue. Elongate, parallel sided at middle. Humeri prominently angulate. Intervals ßat or very slightly convex, intervals 3 and 5 sometimes more convex than other intervals. Moderate sized punctures on all of intervals 9 and 10 and sometimes on 8, on anterior and posterior margins; often on approximately posterior one-quarter of all intervals; punctures along outer intervals with short seta, those on anterior and posterior margins mostly with seta. Intervals 2, 4, and 6 with or without punctures extended anteriorly from posterior onequarter onto disc and sometimes extended to anterior elytral margin; size of punctures on disc varied from small to moderate; most punctures with short Þne setae. Intervals 1, 3, and 5 with or without punctures on disc; punctures if present usually sparser than those on intervals 2, 4, and 6 and less extended anteriorly. Subapical sinuations slight to moderate. Microsculpture of males on median portions of intervals 1Ð 4 obsolete to moderate or prominent isodiametric mesh, predominately of isodiametric mesh elsewhere; isodiametric, moderate to granulate and prominent in females.
Abdomen. Mostly dense short Þne setae over medial portion of sternum 2 and much of sternum 3, some with short Þne setae on sterna 4 and 5. Sixth sternum of males with one pair of lateral ambulatory setae.
Male Genitalia. Aedeagus (Figs. 8 and 9) (n ϭ 48) lightly sclerotized; thin dorso-ventrally; moderate in lateral width; dorsal membranous area extended to or nearly to basal bulb and occupying most of dorsum along entire length, lateral margins somewhat indistinct; apex rounded. Everted internal sac ( Fig. 22 ) (n ϭ 21) short; without notable armature.
Female Genitalia. Valvifers ( Fig. 29) (n ϭ 43) without notable sinuation.
Discussion. Considerable variation occurs in the size and number of punctures on the head near the frontal fovea, the anterior margin of the pronotum, and the disc of elytral intervals 2, 4, and 6. Variations in punctuation of the frons occur throughout much of the species range except that adults from the southern Rockies of Colorado and New Mexico, highlands of Nevada and portions of southern California generally have small punctures on the frons and lack Þelds of setose punctures near the frontal fovea (Fig. 45 ). Variation in the number of seta at each outer distal angle of the clypeus occurs throughout the species range.
Any punctures along the anterior margin of the pronotum are usually small. Adults with large punctures are known only from northern and central California, Oregon, and northern Idaho (Fig. 46) . Specimens from southern California, Nevada, and the Rocky Mountains of Colorado and New Mexico have small punctures except one male with moderate sized punctures from Great Sand Dunes National Monument in southern Colorado.
Specimens with punctures extended onto most of the disc of elytral intervals 2, 4, and 6 are known from Arizona, Calfornia, northern Idaho, western Nevada, Oregon, and Utah but are absent from the southern Rocky Mountains of Colorado and New Mexico (Fig.  47) . The variation in punctuation of these elytral intervals occurs within at least some populations. For example, three males and three females that I collected with S. A. Rewolinski on 12 June 1984 at 39.1 km NW of Klamath Falls, Oregon, have the following variation. A male has approximately the medial thirdquarter of interval 2 glabrous, a few very small and very sparse punctures on interval 4, and sparse very small punctures on interval 6; most punctures on the disc have a short Þne seta. A female has small punctures extended over most of interval 2 (moderately dense in approximately posterior two-third and sparse elsewhere) and has approximately the medial thirdquarter portion of intervals 4 and 6 glabrous; most punctures on the disc are asetose. The remaining specimens have all of intervals 2, 4, and 6 covered with moderately dense, moderate sized punctures, with most such punctures having a moderate sized seta.
Another example of intrapopulational variation is six males and eight females collected by K. Gibson on 19 June 1927 at Meacham, Oregon. One female has very small punctures along the entire length of intervals 2, 4, and 6. Two females have moderate sized punctures along these intervals. The other specimens have the medial portion of these intervals glabrous.
The microsculpture of the elytral disc of males varies from obsolete to prominent. Males with prominent microsculpture are known only from Arizona, California, and southern Oregon (Fig. 48) .
The considerable variation in dorsal coloration appears to occur within populations. For example, color combinations of three males collected by J. W. Green on 21 August 1939 at Kenosha Pass, Colorado, are pronotum black and with slight cupreous tinges in punctures within posterior lateral depressions, and with elytra rufo-piceous and with strong aeneous tinges; pronotum green and with elytra predominately green but with strong aeneous tinges; and pronotum black with aeneous tinges and elytra rufo-piceous with moderate aeneous tinges. One male has the elytral microsculpture of moderate isodiametric mesh. The other two males have the microsculpture obsolete medially. Colors for three females collected by M. C. Lane on 8 July 1931 at Tollgate, Oregon, are pronotum black with cupreous tinges and elytra black with aeneous tinges; pronotum green with aeneous tinges and elytra black with aeneous tinges; pronotum black and with strong aeneous and cupreous tinges and elytra cupreous with aeneous tinges. Four specimens I collected by with S. A. Rewolinski on 9 June 1983 at 11.3 km south west of Lake of the Woods, Oregon, include: one male with pronotum black and elytra dark purple; two males with pronota black and elytra greenish black with aeneous tinges; and one female with pronotum black and elytra greenish black.
Natural History. I collected a total of 43 adults from 11 sites in California, Nevada, and Oregon. During the day, adults were found under debris such as rocks, dried cow dung, and pieces of wood. The adults were in open areas with moist to wet soil, such as alongside roads, grassy clearings and meadows. These areas were mostly dominated by grasses or other herbaceous plants but sometimes had scattered sagebrush. Vegetation in the surrounding countryside varied from sagebrush and other xeric adapted shrubs to forest composed primarily of pines. Ecological data on museum specimens include two found in a subapline meadow and one under rocks near water.
Distribution (Fig. 44) . This species occurs primarily west of the Rocky Mountains and in the southern portion of these mountains. The only specimens known east of the Rocky Mountains are two from Medicine Hat, Alberta, and one from Cut Knife, Saskatchewan. The species occurs more extensively in montane areas than any other species of the subgenus. In total, 220 specimens have been taken from areas whose GIS maps indicate an elevation of 1,823 m or higher. The maximum elevation specimens have been taken at is 3,567 m in the White Mountains of northwestern California. In total, 116 specimens have elevation data, six from 0 Ð500 m, one from 501Ð1,000 m, 17 from 1,001Ð1,500 m, 42 from 1,501Ð2,000 m, 37 from 2,001Ð2,500 m, six from 2,501Ð3,000 m, four from 3,001Ð 3,500 m, and three from 3,501Ð 4,000 m.
Material Examined Other Than Types. 515 adults (284 ( ( and 231 & &).
Anisodactylus (Anadaptus) discoideus Dejean (Figs. 2, 10, 11, 23, 30, and 49) Anisodactylus discoideus Dejean, 1831: 831. Holotype (MNHN): a ( labeled: green label with black hand printed "("; "discoideus m in Amer. bor.," green label with black handwriting; "Leconte," green label with black handwriting; "Ex Musaeo Chaudoir," white label with red border and red machine print; "MUSÉ UM PARIS 1952 Coll. R. Oberthü r," white label with black border and black machine print. Type Locality: Rumney, New Hampshire, designated by Lindroth (1968: 839) . Recognition. See the comments for A. sanctaecrucis. General Habitus. Body somewhat narrow in form; length 9 Ð13.1 mm.
Head. Clypeus with two to three setae at each outer distal angle. Frons piceous black to black, with median rufous spot (rarely small and instinct); with or without micropunctures along sides; microsculpture instinct. Antennae predominately testaceous, rufo-testaceous or rufo-brunneus; sometimes scapes slightly paler than other antennomeres; distal antennomeres usually with medial longitudinal darker area. Venter usually with darker medial area of varying size, piceous to black, and remainder predominately paler, rufo-piceous to rufous or rufo-brunneus. Palpi predominately rufotestaceous to rufous or rufo-brunneus.
Pronotum (Fig. 2) . Medial portion of disc with piceous to black dark area extended from anterior to posterior margin; lateral margins usually broadly paler, testaceous to rufo-testaceous; sometimes with all or most of pronotum piceous to black and only lateral margins paler. Shape cordiform; greatest width clearly in anterior portion. Sides strongly arcuate anteriorly, posteriorly convergent and varied from straight to moderately sinuate. Anterior angles slightly protruded. Posterior angles obtuse to acute and slightly dentate. Lateral beads evident only near posterior angles. Posterior bead moderately thick. Lateral depressions moderately prominent except posteriorly. Posterior lateral depressions moderate, oval to linear, separated from side-margin by moderate to pronounced convexity, depressions with moderately dense punctures, sometimes many punctures with seta. Disc often shiny; with various sized punctures; punctures very small, sparse or absent medially, more evident elsewhere; usually with moderately large and dense punctures posteriorly; sometimes some punctures with short Þne seta. Microsculpture on disc predominately obsolete.
Legs. Femora, tibiae and tarsi testaceous, rufotestaceous to rufous. Dorsa of hind tarsi glabrous.
Elytra. Disc shiny at least medially in males and in many females; color rufo-testaceous to rufous, light brunneus in a few individuals of both sexes; with various sized medial darker (rufo-piceous to black) area extended to anterior base. Elongate, parallel sided at middle. Humeri moderately angulate; sometimes with small tubercle. Intervals with or without Þne asetose punctures; very short, very Þne setae present along intervals 8 or 9 Ð10 and often along anterior and posterior margins of other intervals, sometimes setae extending from margins toward medial areas of intervals. Subapical sinuations slight to moderate. Microsculpture of males on median portions of intervals 1Ð 6 or 7 obsolete or weak isodiametric mesh; predominately of isodiametric mesh elsewhere in males; isodiametric and weak to moderate in females.
Abdomen. Short Þne setae on most of sterna 2Ð 4 or setae restricted to median portions of these sterna. Sixth sternum of males with or without lateral pair of ambulatory setae.
Male Genitalia. Aedeagus (Figs. 10 and 11) (n ϭ 11) lightly sclerotized; moderately broad in lateral width; dorsal membranous area with lateral borders poorly deÞned, usually covering most or all of dorsum proximal to the ostium; apex rounded. Everted internal sac (Fig. 23) (n ϭ 7) narrow, very elongate; with elongate basal ventral Þeld of scales.
Female Genitalia. Valvifers (Fig. 30) (n Ͼ 50) with prominent sinuation at outer apex. Natural History. Adults occur primarily in damp places near standing or moving water. During the night, they frequently come to lights. I collected 25 adults from four sites in Illinois, New York, Virginia, and Wisconsin. At night, adults were on ßat muddy river banks, with vegetation absent or composed of sparse herbaceous plants, or came to UV and white lights in a grassy Þeld near a stream. During the day, adults were beneath debris in the bottom of a small depression near a pond and under debris near the sandy shores of a river. Data on museums specimens include 25 taken on the shores of rivers or creeks, three found on pond shores, three along road by canal, one in a dry sandy area without vegetation, one from a cornÞeld, and 251 taken at lights. Distribution (Fig. 49) . Adults have been taken from many sites in the northeastern United States and southeastern Canada and from western Oregon. A gap of 1,270 km occurs between a collection site in western Oregon and the western edge of the main part of the speciesÕ range in eastern Montana. Specimens are apparently most common in the East, with 98% of those with latitude and longitude data being taken east of Ϫ100Њ longitude. This species is absent from montane areas, with the highest known elevation being 565 m at Windber, Pennsylvania.
Material Examined Other Than Types. Va," white label, "II. 7" in black hand print, remainder in black machine print; "baltimoriensis," black handwriting on white label; "Neotypus Harpalus baltimoriensis Say design. Lth.," red label, "Neotypus" and "design" in black machine print, remainder in black hand print; "Anisod. sanctaecrucis det. Lindroth Õ68," white label, "det. Lindroth" in black machine print, remainder in black handwritten pencil; red label with "NEOTYPE 32983 M.C.Z.," number in black hand print, remainder in black machine print; "MCZ Museum of Comparative Zoology," black machine print on white label. Type Locality: Pennington Gap, Virginia. Anadaptus uteanus Casey, 1924: 136. Lectotype (USNM): a & designated by Lindroth (1975:141) and labeled: "Stockton Utah V-11-04 from Spalding,"
May 2001 NOONAN: SYSTEMATICS, CLADISTICS, AND BIOGEOGRAPHY OF Anadaptuswhite label, "V-11-04" in black hand printed ink, remainder in black machine print; "CASEY bequest 1925," black machine print on white label; "uteanus Csy.," black ink writing on white label; "TYPE USNM 47963," red label, "47963," hand print in black ink, remainder in black machine print; "LECTO-TYPE uteanus Csy. by C. H. Lindroth," white label with red line along borders, "uteanus Csy.," in pencil handwriting, remainder in red machine print. Type Locality: Stockton, Utah, as originally cited. Recognition. Adults somewhat resemble those of A. discoideus but are smaller, lack a median rufous spot on the frons of the head, have the pronotal lateral depressions obsolete even near the anterior angles, have only the extreme margins of the pronotum rufous or rufo-testaceous and have more prominent elytral microsculpture. Those A. alternans with pale elytra differ from A. sanctaecrucis by having the femora and second antennomeres piceous to black versus the rufous or rufo-testaceous color in the latter and by having only one setigerous puncture at outer distal angle of the clypeus.
General Habitus. Body somewhat narrow in form; length 7.9 Ð11.2 mm.
Head. Clypeus with two to four setae at each outer distal angle. Frons piceous black to black, without median rufous spot; with or without micropunctures along sides; microsculpture instinct. Antennae with Þrst two antennomeres testaceous to rufo-testaceous; remainder often somewhat darker, brunneus to rufopiceous expect for darker median areas in distal antennomeres. Palpi predominately rufo-testaceous to rufous.
Pronotum (Fig. 3) . Rufo-piceous to black except sometimes with margins narrowly paler. Shape cordiform; greatest width clearly in anterior portion. Sides anteriorly arcuate, posteriorly convergent and varied from straight to moderately sinuate. Anterior angles slightly protruded. Posterior angles obtuse to acute and slightly dentate. Lateral beads moderately thick near posterior angles, progressively narrowed anteriorly from posterior angles and indistinct near anterior angles. Posterior bead moderately thick. Lateral depressions narrow. Posterior lateral depressions moderate to deep, oval to linear, separated from sidemargin by pronounced convexity, with moderately dense punctures, sometimes many such punctures with seta. Disc often shiny; with punctures; such punctures medially mostly very small, sparse or absent, more evident elsewhere, punctures posteriorly usually moderately large and dense; sometimes with some punctures with seta. Microsculpture on disc predominately obsolete.
Legs. Femora, tibiae and tarsi rufo-testaceous to rufous. Hind tarsi with basitarsi with several stout dorsal setae; dorsa of other hind tarsomeres without setae.
Elytra. Disc usually rufo-testaceous to rufous, light brunneus in a few, sometimes with medial darker (rufo-piceous to black) area, sometimes with such darker area extended over most of disc. Elongate, parallel sided at middle. Humeri rounded. Intervals with or without Þne asetose punctures; short Þne setae present along intervals 8 or 9 Ð10 and often along anterior and posterior margins of other intervals, sometimes setae extended from margins toward medial areas of intervals. Subapical sinuations slight. Microsculpture of males obsolete to moderate isodiametric mesh on median portions of intervals 1Ð 4 and predominately of isodiametric mesh elsewhere; isodiametric, granulate and prominent in females.
Abdomen. Short Þne setae on most of sterna 2Ð 4 or setae restricted to median portions of such sterna. Sixth sternum of males without lateral pair of ambulatory setae.
Male Genitalia. Aedeagus (Figs. 12 and 13) (n ϭ 86) lightly sclerotized, thin dorso-ventrally, moderate in lateral width; dorsal membranous area broad distally and proximally and narrowed medially, lateral borders somewhat indistinct medially; apex rounded. Everted internal sac (Fig. 24) (n ϭ 33) short, without armature other than varied patches of macrotrichia.
Female Genitalia. Valvifers (Fig. 31 ) (n ϭ 86) with prominent sinuation at outer apex.
Discussion. The color of the elytra varies throughout the geographic range from the uniformly rufotestaceous, rufous or light brunneus elytra of most adults to having a darker rufo-piceous to black area extended over part of the elytral disc.
Natural History. I have taken 54 adults from 12 sites in Illinois, Indiana, Montana, New York, South Dakota, and Wisconsin. Habitat data for these specimens and label information on 454 museum specimens show that adults are most abundant in damp or wet places near ponds, streams, or other sources of water. They also occur in dry, sandy areas such as gravel pits. In the southeastern United States they have been taken in crop Þelds, especially those of cotton and soybeans. Adults are active during the night and sometimes come to lights. Distribution (Fig. 50) . This species has been taken at many sites in the northeastern United States, southeastern Canada, and east central United States south into Louisiana and at scattered sites westward from North and South Dakota to the PaciÞc Ocean. Its geographic range enters the western edge of the southern Rocky Mountains with 22 adults from sites that GIS maps show with elevations of 1,823 m or higher. The collection site having the highest elevation is 2,300 m at Alamosa in Colorado. In total, 898 specimens have elevation data, 743 from 0 Ð500 m, 35 from 501Ð1,000 m, six from 1,001Ð1,500 m, 113 from 1,501Ð2,000 m, and one from 2,001Ð2,500 m. This species occurs further north than other members of the subgenus, reaching Rupert, British Columbia, at 59.6Њ latitude.
Material Examined Other Than Types. Lindroth (1975: 141) and labeled: "Cal," black machine print on white label; "CASEY bequest 1925," black machine print on white label; "TYPE USNM 47962," red label, number in black hand print, remainder in black machine print; "LECTOTYPE parvulus Csy. by C. H. Lindroth," white label with red line along borders, "parvulus Csy." in pencil handwriting, remainder in red machine print. Type Locality: California, as originally cited. Recognition. See comments under A. sanctaecrucis for distinguishing members of that species from A. alternans with bicolored elytra. Adults of A. alternans lack numerous moderate to large sized punctures on the pronotum in contrast to some A. pitychrous and all A. porosus and A. rudis. Many specimens of the latter three species, unlike those of A. alternans, have dorsal metallic tinges or colors. Adults of A. alternans with unicolorus dark elytra may resemble A. pitychrous that lack moderately prominent punctures on the pronotum. However, most adults of the latter species have two or more setae at one or both outer distal angles of the clypeus or have dorsal metallic colors or tinges, whereas adults of A. alternans have only one seta at each outer distal angle of the clypeus and lack dorsal metallic colors. The valvifers of the female ovipositor of A. alternans have a prominent sinuation at the apex (Fig. 32) , whereas those of A. pitychrous (Fig. 29) are not sinuate.
General Habitus. Body somewhat narrow in form, without metallic tinges or colors; venter predominately piceous black to black; length 7.9 Ð10.8 mm.
Head. Clypeus with one seta at each outer distal angle. Frons piceous black to black, sometimes with median double rufous spot; with sparse to moderately dense punctures in frontal fovea and adjacent to supraorbital setae, punctures with or without seta of varied length; microsculpture instinct. Antennae with scapes testaceous to black; remainder of antennae piceous black to black. Maxillary palpi predominately piceous black, with apices often paler. Labial palpi with basal palpomeres testaceous to infuscated, remainder predominately piceous black, with apices often paler.
Pronotum (Fig. 4) . Piceous black to black except sometimes with margins narrowly paler. Sides arcuate anteriorly, posteriorly convergent and varied from straight to moderately sinuate. Anterior angles slight to moderately protruded. Posterior angles obtuse, moderately prominent. Lateral beads evident only posteriorly near the posterior angles. Posterior bead moderately thick, usually complete, sometimes interrupted. Lateral depressions very narrow, indistinct. Posterior lateral depressions moderate to deep, oval to linear and separated from side-margin by pronounced convexity, with moderately dense punctures, sometimes many such punctures with seta. Microsculpture on disc predominately obsolete. Disc often wrinkled or with micropunctures; sometimes with setae along anterior margin.
Legs. Usually predominately dark piceous to black; sometimes with at least middle portions of tibiae rufotestaceous to rufo-piceous, sometimes with portions of tarsi rufo-testaceous to rufo-piceous. Hind tarsi with several stout dorsal setae on basitarsi but not on other tarsomeres.
Elytra. Disc usually either concolorus piceous to black or bicolored, rufo-testaceous proximally and laterally and with large medial dark piceous to black area; sometimes with color combinations between the above two predominant forms. Elongate, parallel sided at middle. Humeri usually rounded. Intervals with or without small punctures; sometimes with small punctures extended anteriorly from posterior apices onto disc, sometimes extended to anterior margin, punctures with or without short seta and sometimes denser and more extensive on even than on odd intervals; small punctures, mostly with short Þne seta, present along intervals 8 or 9 Ð10 and often along anterior and posterior margins of other intervals. Subapical sinuations slight. Microsculpture of males obsolete to moderate or prominent isodiametric mesh on median portions of intervals 1Ð 4 and elsewhere predominately of isodiametric mesh; isodiametric, granulate and prominent in females.
Abdomen. Short Þne setae on most of sterna 2Ð 4 or setae restricted to median portions of such sterna. Sixth sternum of males with one pair of lateral ambulatory setae.
Male Genitalia. Aedeagus (Figs. 14 and 15) (n ϭ 507) symmetrical; moderately sclerotized except on dorsum; moderately broad dorso-ventrally and in lateral width; dorsal membranous area with lateral borders poorly deÞned, elongate, extended to or nearly to basal bulb; apex rounded. Everted internal sac (Fig.  25) (n ϭ 118) of moderate width and length, with horn-shaped basal dorsal sacculus with dorsum slightly more heavily sclerotized than other portions of sac, main body of sac without notable armature other than various sized patches of macrotrichia.
Female Genitalia. Valvifers (Fig. 32) (n ϭ 351) with prominent sinuation at outer apex.
Discussion. Adults have pronounced variation in color, elytral microsculpture of males, and pubescence of the elytral disc and the frons. Specimens with dark elytra are common except in highlands of the Great Basin Desert in southern Idaho, Nevada, and Utah (Fig. 52) , where adults with bicolored elytra predominate. Many adults from Utah and southern and eastern Idaho (Fig. 53) are distinguished by having at least the middle portions of their tibia paler than the remainder of the legs. Most males from highlands and mountains of Utah, Colorado, and southern Idaho (Fig. 54) have the elytral microsculpture composed of a moderate to prominent isodiametric mesh, whereas elsewhere males mostly have a weak or indistinct mesh. Scattered sites (Fig. 55) outside of southern and central Idaho, the Great Basin Desert and the Rocky Mountains have adults with setose punctures extended from the posterior apices of the elytra onto much of the disc of the even intervals. The lectotype of Anisodactylus alternans has dense, small, mostly setose, punctures extending on elytral intervals 2 and 4 anteriorly from the posterior apices. It otherwise corresponds to LindrothÕs (1968) concept of the species formerly termed A. nivalis. A. alternans has priority over A. nivalis. Natural History. My Þeldwork yielded 1,411 adults from 26 sites in California, Nevada, Oregon, and Utah. Adults were found in open moist to wet habitats, such as along the shores of lakes and reservoirs and in natural montane meadows. They were absent from habitats subject to rapid ßooding or to waves of water. During the day, adults were beneath debris on the ground, such as washed up aquatic plants, pieces of wood, tree trunks, dried cow droppings, and rocks. Adults also were found beneath pieces of cracked clay to sand-clay soil near water. A few adults were found near small pools that formed from seepage water from nearby streams. Adults were especially abundant near eutrophic bodies of shallow water, such as by small lakes or by water in the bottom of nearly evaporated reservoirs. Collecting sites varied from bare shores of sand, sand and clay or clay to meadows with moderately dense grass and other herbaceous vegetation. Vegetation in the countryside surrounding collecting sites varied from scattered xeric adapted shrubs (such as around most collecting sites in Nevada and Utah) to forests with pines and other evergreen trees (most sites in California and Oregon). In California and Oregon members of this species seemed to replace those of the subgenus Anisodactylus Dejean in places by eutrophic water. Adults of the nominate subgenus predominated in oligotrophic habitats.
Data on museums specimens are nine adults under aquatic vegetation; one under rocks by vernal pool; Þve beneath rocks by pond; Þve in old cow manure; nine under rocks near water; one in swamp; one beneath board; and four in grain Þeld. Hatch (1953) reported adults as "under cover frequently near water." Distribution (Fig. 51) . This species occurs west of the Rocky Mountains in lowlands from southern California to southern British Columbia, in highlands of the Great Basin Desert above Ϸ1,380 m, and lower elevations of mountains in Washington, Oregon, and California. A single male has been taken near the eastern edge of the Rocky Mountains at Kenosha Pass, Park County, Colorado, 3,000 m in elevation. Adults have been taken at elevations from near sea level to 3,000 m. In total, 1,585 specimens have elevation data, 68 from 0 Ð500 m, 39 from 501Ð1,000 m, 803 from 1,001Ð1500 m, 670 from 1,501Ð2,000 m, three from 2,001Ð2,500 m, and two from 2,501Ð3,000 m. The maximum elevations of sites with adults appears to increase southward, 626 m in Washington, 2,200 m in Oregon, 2,661 m in California, 1,900 m in Nevada 2,100 m in Utah and 3,000 m in Colorado.
Material Examined Other Than Types. 2,441 adults (1,474 ( (, 965 & &, and two unsexed) . Motschulsky (Figs. 5, 16, 17, 26, 33, 34, and 49) Ophonus porosus Motschulsky, 1845 : 344. Bousquet (1997 designated the lectotype and concluded it corresponds to the species formerly termed Anisodactylus viridescens by Lindroth (1968) and other authors. Ophonus sublaevis Motschulsky, 1859 : 138. Bousquet (1997 (compare Figs. 5 and 6 ) is somewhat less cordiform, the sides posteriorly less convergent; and the punctures along the anterior margin of pronotum less prominent, smaller. The punctures on the elytra of A. porosus are smaller than those on A. rudis. The elytral microsculpture of males of A. porosus is a moderate isodiametric mesh versus the weak to moderate isodiametric mesh of male A. rudis. In females of A. porosus the elytral microsculpture is a prominent and granulate isodiametric mesh, whereas in females of A. rudis it is a prominent isodiametric mesh that is not granulate. The everted internal sac of males of A. porosus (Fig.  26) is much more elongate than in males of A. rudis (Fig. 27) . The outer apex of the valvifer of A. porosus (Figs. 33 and 34) is not sinuate or has a small to moderate sinuation, whereas that of A. rudis (Fig. 35) has a prominent sinuation.
Anisodactylus (Anadaptus) porosus
General Habitus. Body narrow in form; dorsum usually with greenish, bluish, aeneous or cupreous tinges; length 7.8 Ð10.7 mm.
Head. Clypeus with two to three setae at each outer distal angle. Frons piceous black to black, green, greenish black; darker colors often with cupreous tinge, especially near or in punctures; without median rufous spot; with moderate sized setose punctures near and in frontal fovea, near supraorbital setigerous punctures, sometimes punctures extended over most of frons; microsculpture instinct. Antennae with scapes testaceous, infuscated, rufo-piceous to black, venter of scapes often paler than dorsum; remainder of antennae piceous to black and often somewhat darker than scapes. Venter of head predominately piceous to black. Palpi with basal palpomeres testaceous, infuscated, rufo-piceous to black; remainder of palpi predominately piceous to black except often with apices of palpi paler.
Pronotum (Figs. 5) . Piceous black to black, green, greenish black, many darker colored specimens with cupreous tinge, posterior portions sometimes cupreous. Sides slightly to moderately arcuate anteriorly and posteriorly slightly to moderately convergent and straight or rarely very slightly sinuate. Anterior angles slightly protruded. Posterior angles obtuse, not or only very slightly dentate. Lateral beads evident only near posterior angles. Posterior bead moderately thick. Lateral depressions obsolete or narrow, shallow and most evident posteriorly. Posterior lateral depressions moderate to deep, oval to linear, separated from side margin by moderate to pronounced convexity. Disc often shiny, especially in males; with moderately large punctures, densely arranged in posterior lateral depressions and along all or most of posterior margin, dense to moderately dense along other margins and sometimes on other portions of disc; most such punctures with short seta. Microsculpture on disc predominately obsolete.
Legs. Femora, tibiae and tarsi rufo-piceous to black; all or portions of tibiae often paler than femora or tarsi. Hind tarsi with scattered dorsal setae on tarsomeres 1Ð 4.
Elytra. Disc dull; color highly varied; usually green, green with prominent aeneous or cupreous tinges, cupreous or cupreous with green tinge; sometimes piceous black to black and then mostly with metallic tinges. Elongate, parallel sided at middle. Humeri obtusely angulate. Even intervals with dense moderate sized punctures; odd intervals with sparse to dense such punctures; usually punctures denser on even than on odd intervals; punctures usually with short, posteriorly directed seta, sometimes seta restricted to punctures on intervals 8 Ð10 and anterior and posterior margins of other intervals; intervals 1, 3, 5, and 7 often more convex and slightly wider than even ones. Subapical sinuations moderate. Microsculpture of moderate isodiametric mesh in males and prominent isodiametric mesh in females.
Abdomen. Mostly dense short Þne setae over medial portion of sternum 2 and much of sterna 3Ð 6. Sixth sternum of males with one pair of lateral ambulatory setae.
Male Genitalia. Aedeagus (Figs. 16 and 17) (n ϭ 61) lightly sclerotized; thin dorso-ventrally; moderate in lateral width; dorsal membranous area extended to or nearly to basal bulb and occupying most of dorsum along entire length, lateral margins somewhat indistinct; apex rounded. Everted internal sac (Fig. 26) (n ϭ 18) tubular, relatively narrow and more elongate than in species other than A. discoideus; basal dorsal region at junction with aedeagus moderately sclerotized.
Female Genitalia. Valvifers (Figs. 33 and 34) (n ϭ 81) strongly sclerotized, with or without shallow to moderate sinuation at outer apex; in some females one valvifer with shallow sinuation and other without.
Discussion. Extensive color variation occurs within populations. For example, I have seen all the colors listed above among 131 specimens that S. A. Rewolinski and I collected at Poison Lake, Lassen County, California, in June 1984. Variation in pronotal shape, density of elytral punctures and convexity of odd intervals also occurs within populations, including within that at Poison Lake. The absence of setae from many elytral punctures occurs within scattered specimens throughout the geographic range of the species. The numbers of punctures on odd elytral intervals apparently varies throughout the geographic range of the species. Natural History. During Þeld work I took 181 adults from eight sites in California and Oregon. During the day, adults were found under debris such as rocks, dried cow dung, or washed up aquatic plants and pieces of wood. The adults were in open places with moist to wet soil, such as shallow ditches along roads, by standing water, and in meadows. Specimens were collected in areas containing grasses or other herbaceous plants. Vegetation in the surrounding countryside was open pine woodland and xeric shrubs at one site, and evergreen forests composed predominately of pines at other sites. Ecological data on museum specimens are three adults under rocks.
Distribution (Fig. 49) . The species occurs from Washington and northern Idaho southward into central California. It is not known from Great Basin Desert areas of southern Idaho, Nevada, and Utah. In total, 255 specimens have elevation data, 22 from 0 Ð500 m, Þve from 501Ð1,000 m, 49 from 1,001Ð1,500 m, and 179 from 1,501Ð2,000 m. The highest elevation with specimens is 1,710 m.
Material Examined Other Than Types. 428 adults (210 ( ( and 218 & &).
Anisodactylus (Anadaptus) rudis LeConte (Figs. 6, 18, 19, 27, 35, and 56) Anisodactylus rudis LeConte, 1863: 15. Holotype (MCZC): a ( labeled: gold disk with no marks; "A. rudis Lec.," black handwriting on white paper; "Type 5959," red label, number in black hand print, remainder in black machine print; "A. porosus Motsch," black handwriting on white paper; "MCZ Museum of Comparative Zoology," black machine print on white label. Type Locality: California, as originally cited. Bousquet (1997: 330) designated the lectotype of Ophonus porosus Motschulsky, concluded that it corresponds with LindrothÕs concept of the species formerly known as A. viridescens and that Anisodactylus rudis LeConte is the proper name for specimens that Lindroth termed A. porosus Motschulsky. My examination of the type of Anisodactylus rudis conÞrms his latter conclusion. Recognition. Adults differ from those of A. discoideus and A. sanctaecrucis by not having bicolored elytra and from those of A. alternans by having more than one seta at each outer angle of the clypeus.
Distinguishing adults of A. rudis from those of A. pitychrous is sometimes difÞcult. All but one examined adult of A. rudis had two or more setae at each clypeal outer angle. The number of setae at each such angle in adults of A. pitychrous varies from one to three. The prominence of dorsal punctures distinguishes some adults. All but one of the examined adults of A. rudis had prominent punctures on the frons, pronotum, and on the even elytral intervals. Many adults of A. pitychrous differ by having the punctures of the frons and pronotum smaller and less prominent. In most A. pitychrous with prominent punctures on the frons and pronotum the elytral punctures are moderate in prominence. However, a few adults of A. pitychrous have prominent punctures on the frons, pronotum and elytra. If the above features do not distinguish adults of the two species, genitalia must be examined. The everted internal sac of males of A. rudis (Fig. 27) is moderate in length, whereas that of the males of A. pitychrous (Fig. 22) is short. The valvifers of females of A. rudis (Fig. 35) are prominently sinuate at the apices, whereas those of A. pitychrous (Figs. 33 and 34) are not sinuate or have a shallow sinuation. See A. porosus for distinguishing adults of that species from those of A. rudis.
General Habitus. Dorsum usually rufo-piceous to black with greenish, bluish, aeneous or cupreous tinges; length 8.55Ð12.3 mm.
Head. Clypeus with two to Þve setae at each outer distal angle. Frons piceous to black, sometimes with aeneous, cupreous, greenish or bluish tinges especially within punctures; with or without median rufous spot; with relatively large sized punctures near and in frontal fovea and near supraorbital setigerous punctures, often punctures extended over most of frons; sometimes with relatively few such punctures but with many of relatively large size (compared with those of A. alternans); punctures mostly with moderate sized seta; microsculpture instinct. Antennae with scapes testaceous, infuscated, rufo-piceous to black, venter of scapes often paler than dorsum; second antennomeres usually same color as scapes, sometimes darker; remainder of antennae piceous to black, somewhat darker than scapes. Venter of head predominately rufo-piceous to black. Palpi predominately piceous to black except often with apices of palpi paler.
Pronotum (Fig. 6) . Disc piceous to black, greenish black, often with aeneous or cupreous tinges, posterior portions sometimes cupreous or with cupreous tinges in punctures. Shape cordiform; greatest width clearly in anterior portion. Sides moderately to prominently arcuate anteriorly and posteriorly notably convergent, slightly to prominently sinuate posteriorly. Anterior angles slightly to moderately protruded. Posterior angles acute to obtuse, moderately prominent, sometimes dentate. Lateral beads posteriorly narrow but evident, narrowed anteriorly and indistinct near anterior angles. Posterior bead moderately thick medially, sometimes interrupted medially, narrow laterally. Lateral depressions obsolete. Posterior lateral depressions moderate to deep, oval to linear, separated from side margin by moderate to strong convexity. Disc often shiny, especially males; with large, prominent punctures along much of anterior margin; often with moderate sized to large and prominent punctures along lateral margins; posterior margin with dense moderate sized to large and prominent punctures; usually all or most punctures with moderate sized seta; Microsculpture on disc predominately obsolete.
Legs. Piceous to black. Hind tarsi with scattered dorsal setae on tarsomeres 1Ð 4.
Elytra. Disc rufo-piceous to black, greenish piceous to greenish black, greenish blue; often with notable greenish, aeneous or cupreous tinges. Somewhat broad in form. Humeri obtusely angulate; with minute tooth (visible in posterior view). Even intervals with dense relatively large sized punctures extended along entire intervals (an aberrant female from Barton, Oregon, with small elytral punctures but otherwise with character states for A. rudis); intervals 1, 3, 5, and 7 usually glabrous medially, with punctures in approximately posterior one-third and along anterior margins, sometimes with scattered setae medially; intervals 3, 5, and 7 often notably broader and more convex than even ones; intervals 8 Ð10 with dense punctures along entire lengths, punctures of intervals 8 mostly relatively large, those of 9 and 10 small to moderate in size; all or most punctures usually with posteriorly directed seta. Subapical sinuations slight to moderate. Microsculpture isodiametric mesh, weak or indistinct to moderate in males, prominent in females.
Abdomen. Mostly dense short Þne setae over medial portion of sternum 2 and much of sterna 3Ð5. Sixth sternum of males with one pair of lateral ambulatory setae.
Male Genitalia. Aedeagus (Figs. 18 and 19) (n ϭ 22) lightly sclerotized; thin dorso-ventrally; moderate in lateral width; dorsal membranous area extended to or nearly to basal bulb and occupying most of dorsum along entire length, lateral margins somewhat indistinct; apex rounded. Everted internal sac (Fig. 27 ) (n ϭ 14) tubular, moderately elongate; without notable armature.
Female Genitalia. Valvifers (Fig. 35) (n ϭ 31) with prominent sinuation at outer apex.
Discussion. Notable variation occurs in punctuation of the elytral disc on odd intervals, the prominence of microsculpture on the elytral disc of males, and the color of the dorsum of the body. Most adults have the disc portion of odd elytral intervals glabrous or with a few scattered punctures. Approximately 7% of adults have one-half or more of the disc of odd intervals covered with dense punctures. These more densely punctate specimens occur at scattered sites in eastern Washington, Oregon, and northern and central California. Most males have the microsculpture of the elytral disc moderately prominent. However, a third have the microsculpture weak or indistinct and occur throughout the geographic range of the species.
Body color and punctuation vary within populations. An example is found in three males and four females I collected with S. A. Rewolinski on 17Ð18 June 1984 at Poison Lake, 121 km E of Redding, Lassen County, California. Color combinations are one male with a black pronotum with greenish blue tinge and a greenish blue elytra; one male and two females with the pronotum black with a slight aeneous tinge and the elytra rufo-piceous with a prominent aeneous tinge; one male and two females with the pronotum black with a slight aeneous tinge and the elytra rufo-piceous with moderate aeneous and cupreous tinges. Variations in punctuation include: one female with the third elytra intervals with moderately dense setigerous punctures in the approximately posterior third-quarter; one female with moderately dense setigerous punctures on all of the third intervals; remaining specimens with the disc of the third elytra intervals having punctures absent or very sparse medially and anteriorly.
Natural History. During Þeld work I took 68 adults from 10 sites in California and Oregon. During the day, adults were under debris such as rocks, dried cow dung, and pieces of wood. They were found in open areas with moist to wet soil, such as alongside roads, grassy human clearings and meadows. The areas where adults were found had vegetation of mostly grasses or other herbaceous plants. Vegetation in the surrounding countryside was scattered xeric shrubs at one site, open pine woodland at one site, and evergreen forests composed predominately of pines at other sites. Ecological data on museum specimens are seven adults under rocks, eight under rocks near water, one under rocks in dry ground near edge of pond, two near marshy lake, and one taken by sweeping a meadow.
Distribution (Fig. 56) . This species occurs from southern British Columbia to southern California and in highlands of the Great Basin Desert in southern Idaho and Nevada. In total, 152 specimens had elevation data, 24 from 0 Ð500 m, 27 from 501Ð1,000 m, 77 from 1,001Ð1,500 m, and 24 from 1,501Ð2,000 m. The highest elevation with specimens is 1,710 m.
Material Examined Other Than Types. 548 adults (267 ( ( and 281 & &).
Anisodactylus (Anadaptus) rotundangulus Bates (Figs. 7, 20, 21, 28, 36, and 57) Anisodactylus rotundangulus Bates, 1878: 589. Lectotype (MNHN): herewith designated, a ( labeled: "Mexico (city)," black hand print on white label; "Anisodactylus rotundangulus rotundangulus Bates," black hand print on white label; "MUSÉ UM PARIS 1952 COLL. R. OBERTHUR," black machine print on white label with black line along margins. Added label stating: "LECTOTYPE Anisodactylus rotundangulus Bates by G. R. Noonan," black laser print on white label. Type Locality: Mexico, near the capital, as originally cited. Recognition. Adults are easily recognized by the suboval shape of the pronotum (Fig. 7) , with rounded sides and broadly rounded posterior angles.
General Habitus. Body broader in form than those of other species of the subgenus; dorsum and venter piceous to black, without metallic tinges; length 12.5Ð 15.2 mm.
Head. Clypeus with one seta at each outer distal angle. Frons piceous to black, with median rufous spot; glabrous except for supraorbital seta over eye and sometimes scattered asetose micro-punctures; fovea with clypeo-ocular prolongation, extended or not to eye; microsculpture of moderate isodiametric mesh laterally, weak or absent medially. Antennae with scapes rufo-testaceous to brunneus or with medial portions piceous and apices rufo-testaceous to brunneus; antennomeres 2 and 3 rufo-testaceous to brunneus or piceous; antennomeres 4 or 5Ð11 brunneus to brown, with darker medial stripe. Venter piceous to black. Palpi rufo-testaceous to brunneus. (Fig. 7) . Suboval in form. Piceous to black. Lateral beads indistinct except posteriorly near posterior angles. Posterior bead narrow. Sides strongly rounded from anterior to posterior angles. Anterior angles slightly protruded. Posterior angles broadly rounded. Lateral depressions obsolete. Posterior lateral depressions shallow to moderate in depth, somewhat oval in form, with or without moderate sized asetose punctures, and varied from nearly smooth to moderately or strongly wrinkled and rugose; separated from side margin by moderate to strong convexity. Disc strongly convex; slightly to moderately wrinkled; with scattered asetose micro-punctures. Microsculpture near lateral sides irregular or of iso- diametric mesh, elsewhere weak and irregular or absent.
Pronotum
Elytra. Disc piceous to black. Somewhat broad in form. Humeri broadly rounded. Intervals ßat to slightly convex, glabrous except for scattered setae at posterior apices and along intervals 9 Ð10; interval 3 without setigerous puncture in posterior one-third. Microsculpture of prominent somewhat granulate isodiametric mesh in males and of prominent and granulate isodiametric mesh in females.
Abdomen. Mostly dense short Þne setae over medial portion of sternum 2 and 3 and along sides of sterna 1Ð 6. Sixth sternum of males with one pair of lateral ambulatory setae.
Male Genitalia. Aedeagus (Figs. 20 and 21) (n ϭ 7) moderately sclerotized, moderate in size; dorsal membranous area broad and occupying most of dorsum in approximately distal one-third, progressively narrowed proximally, sometimes reaching basal bulb, lateral margins indistinct except distally; apex narrow, moderate in length, acutely rounded at tip. Everted internal sac (Fig. 28) (n ϭ 3) short, pouch like distally; without notable armature.
Female Genitalia. Valvifers (Fig. 36 ) (n ϭ 3) with prominent sinuation at outer apex.
Distribution (Fig. 57) . This species is known from highlands of central and southern Mexico. Four specimens have elevation data, all within the 500-m interval of 1,501Ð2,000 m. The highest elevation with specimens is 1,829 m.
Material Examined Other Than Types. 15 adults (9 ( ( and six & &).
Cladistic Results
With characters ordered, the Þrst 100 hsearch yielded 2,401 trees distributed in 98 possible islands and with a length of 124. The consensus tree (Fig. 37) showed Anadaptus as a monophyletic but poorly resolved group, with six branches from the base. One branch had A. discoideus and A. sanctaecrucis as sister taxa. The other branches each had a single species.
The Þrst reweight produced 1,194 trees with a best score of 30.14. The remaining Þve reweights all had a best score of 28.07. Numbers of retained trees were successively 1,146, 1,102, 1,097, 1,041, and 1 A. discoideus and A. sanctaecrucis, and A. porosus and A. rudis . The placement of A. pitychrous as sister to the other species arises because its females have valvifers that lack an apical sinuation. Such a sinuation is present in some female specimens of A. porosus and in all females of the remaining Þve species. The recognition of A. discoideus and A. sanctaecrucis as sister taxa is supported in all trees by their sharing light-colored femora (state 1 of character 9) and elytra with extensive light-colored areas (state 1 of character 14). The treatment of A. porosus and A. rudis as sisters is supported in all trees by their sharing dense setigerous punctures along the anterior margin of the pronotum (state 1 of character 8) and dense setigerous punctures extended onto the disc of the elytra (state 1 of character 19). Fig. 38 shows A. alternans as sister to A. discoideus and A. sanctaecrucis based on PAUP* assuming that their common ancestor had extensive portions of the elytra with a light color (state 1 of character 14). This requires assuming that some specimens of A. alternans reverted to the ancestral state of unicolorus dark elytra. In Fig. 39 the latter species is one of four branches arising from a single node. The tree in Fig. 40 places A. alternans as sister to A. porosus and A. rudis. This assumes that their ancestor had dense setigerous punctures on the elytral disc (state 1 of character 19), that most specimens of A. alternans lost such punctures, and that those few specimens with them had the punctures become smaller than those found in most specimens of the other two species. A. alternans of Fig. 41 is part of a clade deÞned not by synapomorphies but rather by lacking the synapomorphies found in the sister species A. discoideus and A. sanctaecrucis. The tree of Fig. 41 treats A. rotundangulus as the sister of A. alternans, A. porosus, and A. rudis. A. rotundangulus in Fig. 42 is part of a trichotomy of it and the above three species. The remaining trees show it as part of a basal polytomy giving rise to six of the species of the subgenus.
The consensus tree (Fig. 43) has the same cladistic relationships among taxa as that of the tree in Fig. 39 but merely arranges branches in a slightly different order.
Treatment of characters as unordered resulted in each reweight producing the same number of retained trees and best score as when characters were treated as ordered. The Þve trees produced after pruning and condensing of trees were the same as those when characters were treated as ordered. The consensus tree was also identical to that produced when characters were regarded as ordered.
The consensus tree before reweighting (Fig. 37 ) is poorly resolved, with only a single pair of sister species. Reweight of characters produces a slightly more resolved consensus tree ( Fig. 43) with a second pair of sister taxa and with A. pitychrous as a sister species to all other species of the subgenus. Because I do not believe that all characters are of uniform importance in constructing a cladogram, I accept the consensus tree (Fig. 43) resulting from character reweighting. This tree is also one (Fig. 38) of the Þnal Þve trees produced by hsearch and reweighting. Neither cladistic or biogeographic data suggest an adequate reason for preferring one of other four trees over Þnal consensus tree. The latter (Fig. 43) is therefore adopted as the hypothesis for classifying the species of Anadaptus.
The relatively poor resolution of both consensus trees is partly due to exceptional amounts of character state variation in the four western species A. pitychrous, A. alternans, A. porosus, and A. rudis . The shape of the female ovipositor is usually stable within genera and subgenera related to the subgenus Anadaptus (Noonan 1973 (Noonan , 1996 . All examined valvifers of A. pitychrous have a rounded apex without a sinuation. The valvifer apices of A. pitychrous vary from rounded to with a slight or moderate sinuation. All other species of the subgenus have sinuate valvifers. As described above and below exceptional infraspeciÞc variation in dorsal color and punctuation occurs within these four species. itation than montane areas, desert type soils, and desert and semidesert vegetation and form a potentially major barrier to the distribution of mesic adapted organisms (Noonan 1992) .
Biodiversity and Environmental Factors. Climates in A vary from January temperatures of Ϫ15 to 15ЊC, July temperatures from 10 to 35ЊC, and mean annual precipitation from 10 to 280 cm. The coldest and warmest temperature zones of A are restricted to small areas. January and July temperatures of Ϫ15 to Ϫ10ЊC and 10 Ð15ЊC, respectively, are only in mountainous areas of the northeastern corner of the most northern grid cell, whereas 10 Ð15ЊC January temperatures occur only along the southern margin of the southernmost cells, and only a very small extension of a 30 Ð35ЊC July temperature zone enters the southeastern portion of A. Precipitation zones of 10 Ð20 cm occur in the southern portion of A, but adults from these zones total only 28. Regions of 200 Ð280 cm precipitation are restricted in A to small areas along the coast of northwestern California and Oregon and in the Cascade Mountains of Washington and have yielded only eight adults. The single grid cell comprising B has January temperatures of Ϫ10 to 5ЊC, July temperatures from 10 to 25ЊC, and mean annual precipitation from 20 to 60 cm.
The biodiversity centers do not encompass all of western North America. No species are found in cells north and northwest of B, probably because of unsuitable habitats in the Wyoming Basin and associated adjacent basins. Biodiversity decreases sharply northward from A. This abrupt decrease in biodiversity is not explained by changes in winter temperatures or mean annual precipitation. The southernmost cells without species north of A have January temperatures and mean annual precipitation values corresponding to those in cells with species in central and eastern portions of the continent.
The sharp decrease in biodiversity north of A is apparently due to cool summer temperatures. A zone of 10 Ð15ЊC July temperatures (Fig. 59 ) in eastern and central North America is located far north of collection sites for most Anadaptus. The only specimens in this zone are two A. sanctaecrucis (one from Rupert in northwestern British Columbia and one from St. Augustin on the coast of northeastern Quebec) and six A. alternans from a very narrow area of this zone along the coast of northwestern California and southern Oregon. In the West, this zone dips southward nearly to the most northern portion of A and becomes an important local limiting factor.
Except for the cool summer region of the PaciÞc Northwest discussed above, the most notable limiting factor to northward distribution of the subgenus appears to be cold during winter. The only Anadaptus from areas with January temperatures of Ϫ25ЊC or colder is one A. discoideus from Goodsoil, Meadow Lake Provincial Park, Saskatchewan. Except for extremely moist or dry conditions, the amount of precipitation by itself apparently does not greatly inßuence the numbers of species in an area. Some sites in A have the same precipitation as areas in the central portion of the continent with fewer species.
Southern limits of the geographic ranges of the six species found north of Mexico correspond in the West to deserts (maps in Liouty 1997) where temperatures are warm and precipitation low (Figs. 58 Ð 60) . In eastern North America, the percents of species per grid cell decrease from 28.6 to 14.3 or zero where January temperatures are Ϸ5ЊC or warmer.
Character State Variation in the West. Biodiversity center A and adjacent western lands have the four western species of the subgenus. These species have much more variation in morphological character states than do the three other taxa. Variation in two of the western taxa includes adults from interior regions differing from those of Washington, Oregon, and California. Adults of A. pitychrous from the southern Rockies lack Þelds of setigerous punctures on the frons of the head (Fig. 45) , have small to moderate sized punctures along the anterior margin of the pronotum (Fig. 46) , mostly lack punctures extended from the elytral apex onto the disk (Fig. 47) , and have the elytral microsculpture of males varied from absent or weak to moderate (Fig. 48) . Adults from some sites elsewhere in the West have more dorsal punctures, larger such punctures, and more prominent elytral microsculpture in males. Geographic variation in A. alternans includes populations in Utah and sometimes in southern Idaho having different frequencies than elsewhere for color of the elytra (Figs. 52) and tibiae ( Fig. 53 ) and the prominence of elytral microsculpture in males (Fig. 54) . No adults of the species from Utah, Colorado, Nevada, and southern Idaho have setigerous punctures extended onto the disc of the second elytral interval while specimens from scattered sites elsewhere have such extension (Fig. 55) . Adults of A. porosus have extensive variation in dorsal color throughout the geographic range of the species. Specimens of A. rudis have notable variation throughout most of the speciesÕ geographic distribution in punctuation of odd intervals of the elytral disc, the prominence of microsculpture on the elytral disc of males, and dorsal coloration.
Sizes and Shapes of Geographic Ranges. Geographic ranges in eastern and central North America are much larger than those in most of the West (Fig. 61) . Correlation between sizes of geographical distributions and longitude of distribution centroids is 0.822 with a Bonferroni Probability of 0.023. The geographic distributions east of the Rocky Mountains and north of Mexico are those for A. discoideus and A. sanctaecrucis, taxa with transcontinental ranges in the North. Except in the West, these taxa occur across regions with relatively broad climatic zones (Figs. 58 Ð 60) and habitats (Liouty 1997 , Noonan 1999a . In contrast, the sizes of the geographic distributions of western species are limited by relatively broad areas of unfavorable habitats such as mountains and lowland deserts, the inability to disperse eastward across such unfavorable habitats, and the smaller, more patchy climatic zones (Figs. 58 Ð 60) and habitats of the West. Geographic ranges are not signiÞcantly larger in the North than in the South. Correlation between sizes of geographic ranges and latitude of range centroids is only 0.363 with a Bonferroni probability of 0.424.
The shapes of geographical distributions are eastÐ west elongated in eastern and central North America and predominantly northÐsouth extended in the West (Fig. 62) . The Index of Relative Longitudinal Extent of species ranges is strongly correlated with longitude of range centroids, with r ϭ 0.932 and a Bonferroni probability of 0.002. Correlation of the index with latitude of centroid ranges is insigniÞcant, with r ϭ 0.203 and a Bonferroni probability of 0.663. The northsouth elongation of western distributions probably occurs because such distributions track the northsouth extended climatic zones (Figs. 58 Ð 60) and are limited to the East by unfavorable habitats in the Rocky Mountains and lowland deserts.
The geographic changes in sizes and shapes of species ranges parallel those found by Noonan (1999a) for North American species of the subgenus Anisodactylus Dejean (genus Anisodactylus). Further study is needed to determine whether the patterns found for subgenera Anadaptus and Anisodactylus reßect possible general patterns among North American insects.
Overlap of Sister Species. The proportion of overlap between the geographical distributions of sister species varies from 18 to 68% (Table 3 ). The largest overlaps are those for A. discoideus and A. sanctaecrucis with distributions transcontinental in the North. The relatively high amount of overlap between these sister species parallel the 43 and 44% overlap between the sister species A. kirbyi Lindroth and A. nigrita Dejean of the nominate subgenus of Anisodactylus (unpublished data from biogeographic analysis for Noonan 1999a). The latter two species also have geographic distributions that are transcontinental in the North, with that of A. kirbyi discontinuous in central North America similar to the discontinuity in A. discoideus. 
Origin of the Current Biogeographic Patterns.
The question can be asked whether the current biodiversity centers are regions into which species have dispersed because of favorable conditions there or whether such centers are places where taxa have evolved and accumulated over long periods of geologic time. Noonan (1999a) suggested that the drastic environmental changes during Pleistocene glacial periods can be examined for their impact on centers of biodiversity. The best data about Pleistocene glacial events is for the Wisconsin, the last glacial period.
Wisconsin glaciers and permafrost covered 28% of the large biodiversity center A and 91% of the small Center B (Table 3 ). All species except the Mexican A. rotundangulus had 20% or more of their current geographical distributions covered by glaciers or permafrost (Table 3) . Maps (Frenzel 1992a (Frenzel , 1992b ) of minimal deviations from current August and February mean temperatures provide data about summer and winter temperatures during maximum cooling of the Wisconsin glaciation. The depicted temperature reductions suggest that species of biodiversity center A moved south into the two most southern cells of the current biodiversity center, into other areas of California, and into Nevada, Utah, and Arizona. Species of the small biodiversity center B probably dispersed south into New Mexico. Most of the lands in the current biodiversity centers thus apparently had unfavorable environments for Anadaptus during glacial periods. Current ecological factors and the diversity of habitats in the current centers thus probably explain a considerable amount of the biodiversity there. However, it is possible that species have originated and accumulated over long periods of geologic time in western biodiversity centers that shifted geographically within the West in response to climatic changes. For example, biodiversity centers for Anadaptus probably moved south during glacial periods and north during interglacials.
The extensive character state variation in the four western species parallels that in western species of Harpalus Latreille whose geographic distributions include highlands or mountains (Noonan 1990 ) and in Anisodactylus californicus Dejean (Noonan 1999a) . The montane diversiÞcation model proposed by Noonan (1990 Noonan ( , 1992 for production of character state variation in Harpalus probably also explains the ex- Eventually an episode of dry climate would have produced speciation in one or more populations isolated in montane refuges. Such speciation might have been simultaneous or nearly simultaneous for some or all of the western forms, producing a hard polytomy. The geographically isolated A. rotundangulus does not exhibit exceptional infraspeciÞc variation in character states but does differ from other taxa by having a pronotum with the sides strongly rounded from the anterior to posterior angles. Its ancestor possibly was isolated in Mexico by the Miocene or Pliocene (Noonan 1990 ) development of lowland deserts in the southwestern United States and northern Mexico. Such isolation would have been before the accumulation of character state variation through the montane diversiÞcation model in the western United States. 
